Introduction
Herba Salviae Plbeiae is an annual plant in the lamiaceae family and is thought to be a useful medicinal herb. The entire grass is known to cool and stanch blood well and is used to relieve internal heat or fever, dental ulcer, cough, bronchitis and nephritis, etc. At present, the major chemical constituents from Herba Salviae Plbeiae are flavonoids (1, 2) , including hispidulin, nepetin, homoplantaginin and nepetin-7-glucoside ( Figure 1 ). It has recently been reported that (i) hispidulin could inhibit tumor angiogenesis (3) and (ii) homoplantaginin might be used to prevent and treat endothelial dysfunction associated with insulin resistance (4) . Consequently, further studies on intrinsic activity of these flavonoids and their pharmacological mechanism are necessary for the development of an efficient preparative separation and purification method of these active components.
At present, the flavonoids are commercially purified from Herba Salviae Plbeiae by several steps such as crystallization and chromatography. However, these conventional methods may encounter various problems. For example, the component of interest is often strongly adsorbed onto the solid support of conventional silica gel column chromatography resulting in low recoveries (5) . Existing high-performance liquid chromatography (HPLC) methods are not suitable for large-scale isolation of geniposide. High-speed countercurrent chromatography (HSCCC) is a liquid -liquid partition chromatography with no solid support matrix, which eliminates irreversible adsorption or chemical reactions of the sample onto the solid support. It has been widely used in preparative separation of natural products (6 -8) . However, no HSCCC separations of flavonoids from Herba Salviae Plbeiae have been reported.
The present paper describes the successful preparative separation and purification of two flavonoid aglycones and two flavonoid glycosides from a crude sample of Herba Salviae Plbeiae in one step using HSCCC in stepwise and dual elution modes.
Experimental

Reagents and materials
Acetonitrile used for HPLC analysis was HPLC grade (Sinopharm Chemical Reagent Co., Ltd, Shanghai, China). All organic solvents used for the preparation of the crude sample and for the HSCCC separation were analytical grade (Sinopharm Chemical Reagent Co., Ltd, Shanghai, China); water was purified by using an RU-B (Shanghai Tauto Biotech Co., Ltd, Shanghai, China) laboratory ultrapure water system (0.45-mm filter) before use. AB-8 resin used for preparation of the crude sample was styrenedivinylbenzene resin (Tianjin Agricultural Chemical Co., Ltd, Tianjin, China).
Herba Salviae Plbeiae was purchased from Medicinal Material Market (Haozhou, Anhui, China).
Apparatus
The analytical HSCCC instrument was a TBE-20A (Shanghai Tauto Biotech Co., Ltd, Shanghai, China) with three multilayer coil separation columns connected in series (i.d. of the tubing ¼ 1.0 mm, total volume ¼ 20 mL) and a 500-mL sample loop.
The preparative HSCCC instrument was a TBE-1000A (Shanghai Tauto Biotech Co., Ltd, Shanghai, China) with three multilayer coil separation columns connected in series (i.d. of the tubing ¼ 3.0 mm, total volume ¼ 1,000 mL) and a 80-mL sample loop.
The HSCCC system was equipped with a TBP-5002 pump, a TBD-2000 UV detector (Shanghai Tauto Biotech Co., Ltd, Shanghai, China), an HX-2050 water bath (Beijing Boyikang Experiment Instruments Co., Ltd, Beijing, China) and an HW-2000 workstation (Shanghai Qianpu Software Co., Ltd, Shanghai, China).
The HPLC equipment used was a Dionex HPLC system including P680 pump, ASI-100 automated sample injector, thermostatted column compartment, PDA-100 photodiode array detector (Dionex, Sumnyvale, California, USA) and N2010 workstation (Zhejiang University, Zhida Information Engineering Co., Ltd, Hangzhou, China). A Boston Crest C18 of 5 mm, 250 Â 4.6 mm column (Boston Analytics, Massachusetts, USA) was used. The nuclear magnetic resonance (NMR) spectrometer was a Varian Unity Inova-500 NMR system with tetramethylsilane as the internal standard (Varian, USA).
Preparation of the crude sample
The dried aerial parts of Herba Salviae Plbeiae (5,000 g) were extracted with 80% ethanol for three times (each time for 2 h). After filtration, the extract was combined and evaporated to dryness under reduced pressure. The water-soluble extract was then subjected to an AB-8 macroporous resin column by eluting stepwise with water, 30 and 70% ethanol. The fraction of 70% ethanol was used to yield target samples (200 g). This crude sample was stored in a refrigerator at 48C for subsequent HSCCC separation.
Selection of two-phase solvent system
The partition coefficient (K) of the target components was determined by HPLC as follows: 2 mL of each phase of the preequilibrated two-phase solvent system was added into 5-mL sample vial that contained 3 mg of crude extract. The vial was shaken fully. After the equilibrium was established, the peak areas of upper phase (A U ) and lower phase (A L ) were analyzed by HPLC. The K values were calculated using the following equation:
The suitable K values for HSCCC are 0.5 K 2 (9, 10). At the same time, analytical HSCCC was usually used for selecting a suitable solvent system from those with suitable K values for the separation of target components.
Preparation of two-phase solvent system and sample solution The two-phase solvent system composed of n-hexanechloroform -methanol -water (0.5 : 4 : 3 : 2, v/v/v/v) and chloroform -methanol -water (4 : 3 : 2, v/v/v) was selected for the stepwise HSCCC separation. The solvent mixture was thoroughly equilibrated in a separation funnel at room temperature, and the two phases were separated before use.
The sample solution for HSCCC separation was prepared by dissolving 6 mg of the crude sample in 1 mL of the mobile phase for analytical separation and 1,500 mg of the crude sample in 40 mL of the mobile phase for preparative separation.
HSCCC separation procedure
In each analytical separation, the coiled column was first filled up with the upper phase (stationary phase), and then the apparatus was rotated at 1,800 rpm, while the lower phase (mobile phase) was pumped into the column at a flow rate of 1.0 mL/min. After the mobile phase front emerged and hydrodynamic equilibrium was established, 1 mL of sample solution containing 6 mg of the crude sample was injected through the injection valve. The effluent of the column was continuously monitored with a UV detector at 340 nm.
The preparative separation was performed with the following optimized condition: rotary speed, 500 rpm; column temperature, 258C; flow rate, 8.0 mL/min; detection wavelength, 340 nm. As shown in Figure 2B , the separation was started with the solvent system n-hexane-chloroform-methanol -water (0.5 : 4 : 3 : 2), and after Components 1 and 2 were eluted (88 min at the dotted line in Figure 2B ), the mobile phase was switched to the lower phase of the solvent system chloroform -methanolwater (4 : 3 : 2) and the Component 3 was eluted. Finally, Component 4 was eluted by the dual mode. Different fractions were collected according to the chromatograms and were evaporated to dryness under reduced pressure. The residues were dissolved in methanol for subsequent purity analysis by HPLC. 
HPLC analysis and identification of HSCCC peak fraction
The crude sample and each peak fraction obtained by HSCCC were analyzed by HPLC. The column used was a reversed-phase Boston Crest C18 column (250 Â 4.6 mm; i.d., 5 mm) with the temperature at 258C. Acetonitrile -0.1% aqueous H 3 PO 4 was used as the mobile phase in the following gradient mode: acetonitrile 0 -20 min, 15 -50%; 20 -25 min, 50%; 25 -40 min, 50 -90%. The effluent was monitored at 335 nm, and the flow rate was 1.0 mL/min. The structural identification of each HSCCC peak fraction was carried out by 1 H NMR and 13 C NMR spectra.
Results
In one-step of HSCCC preparative separation, Component 1 (91 mg), Component 2 (148 mg), Component 3 (405 mg) and Component 4 (192 mg) were obtained from 1,500-mg crude sample with the purities of 98, 98, 97 and 95%, respectively, determined by HPLC analysis (Figure 3B -E) . . By comparing this with the data given in Refs (11, 12) , peaks 1, 2, 3 and 4 were identified as hispidulin, nepetin, homoplantaginin and nepetin-7-glucoside.
Discussion
Optimization of the HSCCC two-phase solvent system HSCCC is a support-free liquid -liquid partition chromatographic technique so the selections of the stationary phase and mobile phase are all required. The principle of separation is based on the different partition ratios between the components in two phases. The analytical HPLC to screen the solvent system is usually used, and a good solvent system can provide an ideal partition coefficient (0.5 K 2). Alternatively, analytical HSCCC with its speedy separation and minimum solvent consumption offers a very promising way to carry out rapid solvent system selection and method development for preparative HSCCC separations Column capacity, 1,000 mL; rotary speed, 500 rpm; column temperature, 258C; flow rate, 8.0 mL/min; detection, 340 nm; sample size, 1,500 mg of crude sample dissolved in 10 mL of upper phase and 10 mL of lower phase; retention of the stationary phase, 75.8%. Peaks: hispidulin (1), nepetin (2), homoplantaginin (3) and nepetin-7-glucoside (4). (13, 14) . According to the physicochemical properties of target components and the rule of selecting a two-phase solvent system described in Reference (15), we designed a series of two-phase solvent systems by changing the volume ratios to achieve an efficient resolution of the target components. Table I shows the K values of the different solvent systems. The results indicated that when the two-phase solvent system, n-hexane -ethyl acetate -methanol -water (2 : 10: 1: 10, 1 : 10 : 1:10, v/v) was used, the K values of Components 3 and 4 were too small. However, Components 1 and 2 would be retained in the column for a long time because of their large K values. When ethyl acetate-methanol -water (10 : 1 : 10, v/v) was used as the two-phase solvent system, Component 3 with the K value of 1.06 and Component 4 with the K value of 0.23 could be separated, while Components 1 and 2 with very large K values would be eluted in excessively broad peaks with prolonged elution times. Thus, the three-solvent systems were not suitable for the isolation of the target components from the crude sample.
When chloroform-methanol -water at a volume ratio of 4 : 3 : 2 was used, Components 1, 2, 3 and 4 with the K values of 0.16, 0.42, 2.19 and 4.02 could be separated, but Component 1 could not be well separated from the preceding peak with ,85% purity of peak fraction as determined by HPLC. When the two-phase solvent system, n-hexane -chloroform -methanol-water at a volume ratio of 0.5 : 4 : 3 : 2 was used, the separation of Component 1 was achieved with a satisfactory peak resolution. However, Component 4 would be retained in the column for a long time because of its large K value, though it could be separated after all. Figure 4 shows the analytical HSCCC separation of the crude sample. Owing to great differences between their K values, the target components could not be separated using a singlesolvent system.
To overcome this problem, the stepwise HSCCC elution mode was developed to simultaneously separate components with large K-value differences (16) . In the present study, this strategy contained two steps: (i) the crude sample was first eluted with n-hexane -chloroform-methanol -water with a volume ratio of 0.5 : 4 : 3 : 2 until Components 1 and 2 were eluted out and (ii) then followed by the mobile phase of the second solvent system chloroform-methanol-water with a volume ratio of 4 : 3 : 2 until all the target components were eluted.
The dual-mode HSCCC in the preparative separation In the preparative HSCCC separations, a long time ( 450 min as shown in Figure 2A ) was needed for the separation of Component 4, which has a high affinity to the stationary phase (K ¼ 4.02). In order to reduce the elution time, a dual-mode HSCCC was adopted. For dual-mode elution, the original mobile phase (lower organic phase) became the stationary phase and the original stationary phase (upper aqueous phase) was pumped as the mobile phase from tail to head with the same rate and rotational speed (17) .
In the present study, after 200-min separation in the headtail mode, the elution mode was reversed to the tail -head elution mode, and the upper phase was pumped into the column. It can be observed in Figure 2A that the chromatogram before the phase reversal was the same as shown in Figure 2B , and the Component 4 eluted just after the phase was reversed. The separation in dual-mode HSCCC only takes 250 min while in the normal-mode HSCCC would consume 450 min.
Conclusions
An efficient HSCCC method for the isolation and purification of four flavonoids from Herba Salviae Plbeiae was developed by using n-hexane -chloroform -methanol -water and chloroform-methanol-water as the two-phase solvent system at different ratio and in dual-mode elution. The obtained components may be used as reference substances for chromatographic purposes. Our research indicated that the stepwise combined dualmode elution HSCCC is an effective and efficient technique to isolate and purify components with large differences of K values from natural plants.
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